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Please see here below our response to Referee 2 
 
Interactive comment on “Long-term nutrient fertilization and the carbon balance of 
permanent grassland: any evidence for sustainable intensification?” by Dario A. Fornara et 
al. 
Anonymous Referee #2 
Received and published: 8 July 2016 
 
The manuscript “Long-term nutrient fertilization and the carbon balance of permanent 
grassland: any evidence for sustainable intensification? ” analyses changes in top soil C 
stock of 43 years of data from a permanent grassland experiment on organic fertilizer 
amendment (cattle and pig slurry in different application rates). The manuscript assess key 
questions such as: how long-term inorganic vs. organic fertilization influences soil C stocks, 
and how soil C gains (or losses) contribute to the long-term C balance of managed 
grasslands. The manuscript and data set is interesting and worth to be published. 
Furthermore the outcomes may give further insight of the effect of C amendment on soil C 
sequestration of managed grasslands and their latter role to compensate non CO2-farm 
emissions. However, from the present version needs some clarification (details on plot 
experiment ) on serval points (see general comments) and I also encourage authors to look 
on the data set from different angle: e.g. 2D plot on yield vs. soil C changes (N vs soil C 
changes) and eventually a 3D (multiple regression) with yield /soil C changes/ N inputs , as 
this may give further information on slurry amendment thresholds with repect to yield and 
GHG emissions. Accordingly, I suggest to have (majors) revision before publication. 
We appreciate the thoughtful comments of the reviewer, which we found very useful and helped 
us to further improve our manuscript. We have now added more information on N inputs from 
animal slurry. We agree with the view that there might be different, alternative ways to show the 
combined effects of multiple predictor factors. Here below we describe how we produced new 
graphs while searching for potential relationships between yields and changes in soil C. 
However, one aspect that we want to clarify immediately is that there is not any significant 
relationship between plant yields and changes in soil C (R2=0.05, F1,48 = 2.33, P = 0.13, linear 
regression). The most important variable affecting net soil C changes is C inputs from slurry 
(Fig. 2b) as shown in the manuscript. Please see here below our responses to all points raised by 
the reviewer. 
 
General comments 
Introduction I am not sure if authors wanted to avoid the subject or other, but I 
recommend to cite/mention at some point the equilibrium idea of soil C stocks under 
grasslands under constant management (Smith et al 2015) (see P2L10-15ff): : : authors 
have mentioned bit and pieces “: : :.it is not clear, however how soil C sequestration will 
ultimately contribute to the net C balance of intensively managed grasslands: : :. “ ; but I 
think they can even say that more and more land was used for agriculture in the past 100 
year and management was improved over time and barely any management grassland has 
been managed in the same manner for more than 30yrs.  
We agree with the reviewer and we have now addressed the soil C equilibrium issue in managed 
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grasslands. On page 2 (lines 12-20) we have added three more sentences and identified 
knowledge gaps, which are partly addressed by our study. We state: “Altogether these studies 
suggest that grassland soils under human management can potentially act as significant C sinks. 
It is likely however that grassland soils under constant management and environmental 
conditions will eventually reach relatively stable C levels. Using data from long-term soil 
chronosequences Smith (2014) suggests that soil C stocks may reach a relatively stable 
equilibrium around 100 years after a land use change. Despite soils can still accumulate C after 
decades of human management it is not clear how soil C content will change under long-term 
nutrient applications (>40 years). It is not clear either how soil C sequestration will contribute to 
the net C balance of intensively managed grasslands especially when we account for large GHG 
emissions from the livestock sector (i.e. emissions from enteric fermentation of ruminant 
livestock, manure management etc.)”. 
 
M&M For reader its quite difficult to estimate the role of treatments to soil C changes 
without the necessary information on C_input and N_input (and water?, soil texture??) 
from slurry and mineral fertiliser. I suggest to add at least a bit more information on the 
fertilization amendments to the text (P3L14ff), as the volume applied is very vague for 
slurry and for non farmers the differences between pig and cattle slurry and NPK is 
difficult to see. Accordingly parts of Tab1-discussion should go to M&M: I had a table in 
mind like this. 
We agree with the reviewer and made sure this key information is now available in the Material 
and Methods section. For example on page 3, line 16-17 is specified that: ”The soil is a clay 
loam (42% sand, 24% silt and 34% clay) overlying Silurian shale and greywacke (Christie, 
1987)”. On page 3 lines 26-28, we also clarify that: “The N content of animal slurry as averaged 
for 10 recent years is 0.16, 0.32 and 0.64 Mg N ha-1 yr-1 for Cattle (L), (M) and (H) respectively, 
while pig slurry applications (L), (M) and (H) contributed to 0.13, 0.27 and 0.54 Mg N ha-1 yr-1 

being added to the soil”. On lines 28-29 we state that: “We also estimated C inputs from animal 
slurries, which are summarized in Table 1”. 
 
Concerning the estimates of soil C stock, personally I found the soil corer of 3cm diameter 
a bit small to capture spatial heterogeneity. Thus, I missed some information on replicates 
within a plot, if there were any. Estimates of soil C stock, the description in M&M is a bit 
shallow. Did authors take into account changes on bulk density over time? (See Stahl et al 
2015 but also Ellert et al 2002 SSSAJ) As the soil may have get compacted or eroded over 
the 43 years and soil stock analyses should account for that. Accordingly authors should 
apply a mean BD per layer for all years. Needs to be clarified. 
On page 4 lines 1-3 we specify that: “Soil samples were collected in 1972, 1975, 1986, 1988, 
1991, 1996, 2001, 2007, 2012 and 2013 at three depth-intervals (0-5, 5-10, 10-15 cm) and at 8 
random locations within each experimental plot (29.75 m2 each) in February each year using a 3 
cm diameter soil corer”. This means that we have collected 24 soil samples within each plot (8 
samples for each soil depth level, thus 24*48 plots = 1,152 per year and 11,420 for the 10 years 
used in this study. On page 4, lines 9-13 we specify that: “Two larger soil cores were collected in 
each plot at two different soil depths (0-10 and 10-20 cm) to measure soil bulk density as the 
ratio between air-dried (stone-free) soil and soil volume. Soil bulk density was measured in 1970 
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on a grassland field beside the LTS experimental site and re-measured in 2013 in each LTS 
experimental plot”. On page 5, lines 26-30 we clarify that our evidence is that: “...soil bulk 
density averaged between 0-10 cm depth was very similar across nutrient treatments with values 
ranging between 1.027 and 1.039 g cm-3 thus <1% variation across our soils after 43 years of 
different nutrient applications. Similarly, soil bulk density measured between 10-20 cm ranged 
between 1.025 and 1.031 g cm-3 (<1% variation across nutrient treatments). Our reference value 
for soil bulk density in 1970 was equal to 1.1, a value, which was used to calculate soil C stocks 
for 1970 and 1975”. Based on our measurements these soils have had very little (or at least 
negligible) changes in soil bulk density either between 1970 and 2013 or across the various 
nutrient treatments.  
 
Results/Discussion In the section C retention, I suggest to add some estimates on C_outputs 
vs. C inputs. This will give an idea if slurry amendment (C inputs) could compensated C 
outputs (removed biomass), and if there is a threshold. For example C inputs from cattle 
slurry would approximately correspond to 2 to 8.4 Mg biomass/ha.yr which is half of the 
harvested biomass (19Mg DM) of cattle (H) and a 10th of the biomass for pig slurry. In the 
context would be interesting to see ‘Slurry-C retention coefficients’ (ie C sequestered / C 
added as slurry) in the context of C removed (output ) from the plot. Besides, this joins my 
early comment on more information of the N content of the slurry treatments. As there is 
another point, given that there is little information on N_input reader wonders how 
biomass production can be similar between cattle and pig slurry? Accordingly , to reader 
doesn’t get evident why authors discussion N_compounds in slurry (eg P8L1-10 may be 
further developed).  
We understand here why the reviewer is focusing on plant yields and on ‘C outputs’ through 
plant biomass removal. Indeed, a significant amount of C is ‘yielded’ and removed every year 
after the three cuts (see Fig. 5a). However, the C removed in plant biomass (yields) is not linked 
to changes in soil C content and pools in the long-term grassland experiment. In terms of C 
pools, the aboveground plant C pool does not contribute to new C inputs to soils (as plant 
detritus) because all this plant biomass is removed from the plots. In terms of long-term changes 
in the C balance of this permanent grassland, plant C associated with biomass yields is 
transformed and ‘converted’ into animal biomass and animal wastes (solids, liquids and gaseous-
related losses), whose contributions to net C balance are then taken into account through various 
estimates (e.g. enteric fermentation, manure management for CH4 and for N2O-N), managed 
soils for CH4 and N2O-N, milk yields, beef yields etc.).  

We have calculated here below the ratio between C inputs from slurries and C outputs 
through plant biomass removal, which could be defined as the ‘C use efficiency’ of this 
particular farming system. The graph below simply shows that plots fertilized with cow slurries 
receive between 0.2 to 0.4 times the C that is removed every year through plant biomass harvest. 
A significant pool of the plant C harvested has however been converted into animal biomass and 
thus animal wastes which along different pathways contribute to GHG emissions. We think that 
the graph below might have some useful information for agronomic purposes in relation to how 
slurry identity (cattle vs. pig) might affect yields or how this particular farming system recycles 
C from fresh plant biomass to slurry applications. This however is less relevant to the question 
related to how long-term nutrient management influences the soil C balance of these grasslands. 
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We have also calculated the ratio between the amount of N applied through slurries and C 
outputs via plant biomass removal, which could give indications of how N use efficiency 
associated with different animal slurries might influence plant yields. See here below: 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Again this information could be used for agronomic purposes to understand how cattle and pig 
slurry might be more or less beneficial to plant yields. 
 
Along the same lines, would be nice to see a plot on Yield vs. soil C changes (N vs soil C 
changes) and eventually a 3D with Yield /soil C changes/ N input . This would give further 
information on slurry amendment thresholds. And help to provide evidence why pig slurry 
contributes less to soil C changes (eg P8L13ff). Another 3D (or multiple regression test) to 
test, may be the yield vs. root biomass vs. soil C changes. As there is a coupled effect (at 
least what I can interpret from the presented data!). Pig slurry has less C input and higher 
N_input than cattle slurry (eg Fig 2a and 4b). For control and NPK N inputs is low and 
moderate, while C outputs are low and high, respectively Another point the efficiency of 

'C
 u

se
 e

ffi
ci

en
cy

'

0.1

0.2

0.3

0.4

Catt
le 

(L)

Catt
le 

(M
)

Catt
le 

(H
)

Pig 
(L)

Pig 
(M

)

Pig 
(H

)

N
 in

pu
t:C

 o
ut

pu
t r

at
io

0.02

0.04

0.06

0.08

0.10

Catt
le 

(L)

Catt
le 

(M
)

Catt
le 

(H
)

Pig 
(L)

Pig 
(M

)

Pig 
(H

)



	   5	  

the plots yield/Ninput may give and idea on the C sequestration and root growth (i.e. 
P7L1). The higher the N_input is and the higher there a C outputs the less C is sequestered 
by plant (and root) litter. This may be compensated by C inputs from slurry! (ie P8L24 
may be further developed). Accordingly, the best fertilizer is cattle> pig> ??? either control 
or NPK (zero C-inputs).( Necessary information is missing for NPK).  
The reviewer suggests searching for potential linkages between yields, soil C changes and N 
inputs from slurries perhaps combining these 3 factors in a 3D graph. We think that addressing 
potential relationships between soils’ ability to gain C per unit of N added is very important and 
we indeed show these relationships in Fig. 4a, b. These figures show for example how the two 
high cattle slurry applications are associated with higher C gains per unit of N added. We think 
though that by adding an extra variable it makes it more complicated to understand and interpret 
potential relationships between mutliple underlying biogeochemical processes. For example, we 
produced a 3D graph below as the reviewer suggested where we also added the yield 
information. Here it is difficult to interpret how the three variables might influence soil C. This is 
partly because there are complex biogeochemical processes that interact to affect N use 
efficiency, soil C accumulation and plant biomass production and partly because yields and soil 
C sequestration may not be related in these agricultural grasslands where most of aboveground 
plant biomass is removed and thus C inputs from plant detritus to soils remain very low. In a 
multiple regression analysis where C inputs from slurries and yields are added as predictor 
variables we found that plant yields per se’ do not explain changes in soil C sequestration (F1,47 = 
3.36, P = 0.07) whereas C inputs from slurries have a strong effect on changes in soil C (F1,47 = 
95.2, P < 0.0001).   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
We think that in order to understand why cattle and pig slurry applications might influence soil C 
sequestration in different ways we need to look at the biochemical composition of these slurries 
and the effects they might have on soil biogeochemistry. Now we have modified this section of 
the Discussion (see page 8, lines 5-39): “Our results show that rates of C accumulation in top-
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soils significantly increased under high rates of cattle slurry applications. Significant 
accumulation of C in soils also occurred under low application rates of cattle slurry when 
compared to control or to NPK nutrient treatments. Instead, pig slurry applications were not 
associated with significant changes in soil C sequestration rates when compared to unfertilized 
soils or to soils receiving inorganic (NPK) nutrient additions. Soil C changes in response to pig 
slurry applications were not as linear as those observed under cattle slurry applications (Fig. 2a, 
b). We suggest that both absolute and relative effects of cattle vs. pig slurry applications on soil 
C sequestration will depend on different factors (e.g. animal diets, rates of slurry applications, 
slurry biochemical composition etc.) and can thus have different explanations.  
 First, the amount of C added to soils through cattle slurry in our study is higher than in 
pig slurry (Table 1), and we found a strong positive correlation between C inputs to soils and net 
soil C accumulation (Fig. 2b). Our estimate is that cattle slurry-C retention efficiency varies 
between 14-15%, a value that is very similar to a global manure-C retention coefficient of 12% 
estimated in a recent meta-analysis study (Maillard and Angers, 2014). This means that 85-86% 
of all C applied yearly to our soils is lost potentially via increased soil CO2 fluxes and/or organic 
C leaching from soils. However, 15% C retention efficiency associated with high rates of cattle 
slurry significantly contributed to soil C accrual in this long-term grassland experiment.  
 Second, the biochemical composition of cattle and pig slurries may be significantly 
different. We did not find any significant difference in total N% (2.9 ± 0.9 vs. 3.1 ± 0.7) or total 
C% (32.3 ± 2.8 vs. 34.8 ± 3.7) content between pig and cattle slurry, respectively. However, 
animal ruminants such as cattle are particularly efficient in using C components in their grass 
feed and excrete high concentrations of slowly digestible organic matter including 
lignocelluloses (Van Kessel et al., 2000). It is well established that lignin concentrations are 
negatively related to the biodegradability of organic material in animal manures (Triolo et al., 
2011), and that high lignin-to-N ratios tend to slow organic transformations in soils (Chantigny 
et al., 2002) and can thus lead to greater organic C accumulation in grassland soils (Parton et al., 
1987). Recent evidence, however suggests that the concentration of lignin and other biochemical 
compounds either in animal slurries or in different organic amendments are not necessarily good 
predictors of their long-term residence time in soils (Lashermes et al., 2009). 
 Thirdly, long-term pig slurry applications were generally associated with poor soil C and 
N retention per unit of N added (Fig. 4a, b). Here soil C and N retention rates were higher under 
low rates of pig slurry applications suggesting that increasing application rates of pig slurry may 
contribute to higher C losses from soils. Previous studies have shown that pig slurry applications 
can cause soil C losses either by significantly increasing soil CO2 fluxes (Rochette et al., 2000) 
or by promoting a ’priming effect’ whereby high biodegradable pig slurry applications stimulate 
the mineralization of both native soil C and fresh root-derived material (Angers et al., 2010). 
Given the high variability in the concentration and abundance of both recalcitrant (e.g. lignin) 
and labile (e.g. volatile fatty acids) organic compounds in pig and cattle slurries more studies are 
required to address potential linkages between slurry biochemistry and long-term C and N 
transformations in soils”. 
 
Suggest to develop a bit further discussion section (P8L25, 30 ff), as there is little 
(incomplete) discussion comparing slurry with control and NPK. Nonetheless, difficult to 
draw general conclusions with top soil analyses. As >30cm fraction may behave differently 
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and loose C over time (eg P9L1ff). How do authors consider the deeper soil layers? 
Supplementary material Fig 4 and 5 nicely show that in more lower layers (10-15 and 15-
30cm) soil C stock is affected by other mechanisms than C and N (in-/out)puts than top soil 
layer . What authors may add here is the transport of C to deeper soil layers (Rumpel et 
al.. Kögel-Knabner et al) : : : which may event further increasing the soil C changes.  
We have now modified section 4.1 of our discussion (page 8) and on page 9 (lines 1-14) we 
discuss why NPK fertilization may not have significant effects on soil C: “In the current study, 
cattle slurry led to greater C and N soil retention rates per unit of N added, than inorganic 
synthetic fertilizer. Soils receiving high rates of cattle slurry retained 0.89-0.94 grams of C per 
gram of N added (Fig. 4a) whereas soils receiving NPK additions did not retain any C per unit of 
N added. This may explain why NPK-fertilized soils did not show any significant change in C 
stocks when compared to the unfertilized control. The results that long-term NPK fertilization 
does not have any additional benefit for soil C sequestration is supported by previous findings 
(Fornara et al., 2013), which show that despite chronic multi-nutrient additions can greatly 
contribute to increased grass yields, they significantly decreased total root mass and did not have 
any effect on soil C stocks compared to unfertilized soils. Our study also suggests that different 
processes might drive long-term soil C accumulation, for example, in soils amended with cattle 
slurry it is clear that C accumulation is strongly increased by ‘external’ C additions through 
liquid manure. In the control plots which do not receive any C addition, soil C accumulation may 
be partly explained by higher root mass (possibly resulting from positive grass-legume 
interactions), which contributes to higher C inputs to soils when compared to the reduced root 
systems of fertilized plots (see Fig. 5b)”. 
We agree with the reviewer that there might be C changes in deeper soil layers. Our evidence is 
that most C changes occur in the 0-15 cm soil layer and become not significant in the 15-30 cm 
soil layer. We think it is worth in future studies sampling soils down to 100 cm depth to address 
whether there has been any C movement to deeper soils.  
 
LCA, though I understand the aim of authors to highlight the importance of soil C 
sequestration provided by grasslands and the possibility to compensate for non CO2- 
emissions (see also Soussana et al 2010). I found this part is little developed in the 
manuscript (mostly in SupplMat). So not sure if there is an added value in the present 
version. There is also a need for clarification as authors did not mentation the grassland 
use and how estimates were done. Or did authors only account for cut grassland. (Needs to 
be clarified) . For ever estimate one would need animal stocking rates /ha. 
Our aim here is to estimate how intensively used agricultural grasslands (3 cuts and 3 nutrient 
fertilization applications) might contribute to global change when accounting for soils’ ability to 
sequester C in the long-term. In the supplementary material we specify that we assume a 
livestock stocking rate of 2 animals per hectare. Please see page 4, lines 1-14: “To estimate the 
long-term net C balance of our permanent grassland we calculated the Global Warming Potential 
(GWP) associated with each experimental nutrient treatment (Robertson et al., 2000; Fornara et 
al., 2011). Net changes in soil CO2 sequestration were calculated between 1970 and 2013 in the 
0-15 cm soil depth layer. We are aware that IPCC Guidelines define soil carbon stocks as 
organic carbon incorporated into mineral soil horizons to a depth of 30 cm. In our study, we have 
measured soil C stocks between 15 and 30 cm depth in 1998 and 2013 (see Supplementary Fig. 
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5); we did not find, however, any significant difference in C stocks between nutrient treatments. 
We observed significant changes in soil C content and stocks only in the 0-15 cm soil depth and 
we thus used these rates of soil C sequestration in our GWP calculations. All GHG emissions 
associated with the management of our permanent grassland were calculated using information 
from IPCC reports (Dong et al., 2006; De Klein et al., 2006; Myhre et al., 2013) and from 
multiple peer-reviewed scientific papers. GHG emissions were converted to CO2 equivalents 
(CO2-eq) assuming a 100 year time horizon (Myhre et al., 2013). To simulate grassland 
management intensification we assumed a cattle-stocking rate of 2 animals (i.e. livestock units) 
per hectare”. 
 
Grazing /barn period to estimate partition between manure and dejection emissions in the 
field, etc. The same for supplements of concentrates to diet»>Accordingly forreader doesn’t 
get clear what is the part of each of the mentioned emissions sources: (3) enteric 
fermentation of ruminant livestock, (4) manure management (CH 4 ), (5) manure 
management (N 2 O-N), (6) managed soils (CH 4 ), (7) managed soils (N 2 ON), (8) milk 
yields, (9) beef yields, (10) feed concentrate production and transportation, (11) fertilizer 
production, and (12) machinery use. Anyhow to improve the section and readers attention I 
suggest to add GHG emissions in in Fig 6 in order to better capture the “offset idea”. 
We agree with the reviewer and we have now added an extra figure (Fig. 6a) where we show 
overall GHG emissions and then the soil C offset ability in Fig. 6b. We have also modified the 
discussion (see page 9 line 30 to page 10 line 7): “We estimated that overall GHG emissions 
from permanent grassland ranged between 10.7 to 15.2 Mg CO2-eq ha-1 yr-1 (Fig. 6a). Our 
evidence is that long-term CO2 sequestration in grassland soils can offset between ~9% and 
~25% of overall GHG emissions estimated at the ‘farm-gate’ for dairy and beef farms (Fig. 6b). 
Dairy cattle management at the farm-level is less able to offset GHGs when compared to beef 
management simply because dairy cattle are associated with higher CH4 emissions from enteric 
fermentation and manure management. Our estimates of soils’ ability to offset overall GHG 
emissions agree with average values obtained by the carbon-foot print calculator ‘BovIs’ 
developed by the Agri-Food Biosciences Institute (see Aubry et al., 2013), validated by 
comparing GHG emissions from a hundred farms across Northern Ireland. Our results show 
relatively high GWP values associated with farm management suggesting that these livestock 
systems contribute to global climate change by emitting between 9 and 12 Mg CO2-eq ha-1 yr-1. 
We are not aware of any other study, which has quantified net C balance of permanent grassland 
under long-term inorganic and organic nutrient fertilization. However, our estimates are 
comparable with the range of net emissions (i.e. GWPs) of 7.5-to-11.2 Mg CO2-eq ha-1 yr-1, 
associated with intensively managed permanent grasslands in the Allgäu region of Germany 
(Haas et al., 2001). Moreover, if we consider GWP values in relation to the production of an 
important agricultural commodity (i.e. milk) we estimate that the C-footprint of milk production 
in our grassland ranges between 0.96 to 1.03 Mg CO2-eq/ Mg milk, which is similar to average 
values estimated from across many farms under similar environmental conditions (DairyCo, 
2014; O’Brien et al., 2014)”. 
 
Specific comments 
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Table 1 add NPK and control 
Table 1 shows two parameters in particular: (1) Slurry C-retention coefficient, and the (2) 
Relative soil C stocks change under different animal slurry applications. The ‘Slurry-C retention 
coefficient’ represents the average proportion of slurry-C, which has been annually ‘retained’ in 
soils after 43 years of slurry applications. The ‘Relative soil C stocks change’ is the ratio 
between SOC stocks in plots receiving slurry and SOC stocks in plots receiving mineral (i.e. 
NPK) fertilization. The relationships between control and NPK with soil C are shown in Figs 1, 
2, 3 and 4 (NPK).   
 
 
P2L15 guess you have to cite Smith et al 2015 at some point Authors may even say that 
more and more land was used for agriculture in the past 100 year and management was 
improved over time. 
We have now changed this section (page 2, lines 14-20) where we state that: “Using data from 
long-term soil chronosequences Smith (2014) suggests that soil C stocks may reach a relatively 
stable equilibrium around 100 years after a land use change. Despite soils can still accumulate C 
after decades of human management it is not clear how soil C content will change under long-
term nutrient applications (>40 years). It is not clear either how soil C sequestration will 
contribute to the net C balance of intensively managed grasslands especially when we account 
for large GHG emissions from the livestock sector (i.e. emissions from enteric fermentation of 
ruminant livestock, manure management etc.). 
 
P2L20 authors may even cite Aneja et al 2008 showing the fertilizer procution and 
consumption since the 60s P3L14ff suggest to add a bit more information of the fertilization 
amendments to the text, as the volume applied is very vague for slurry. Suggest to add at 
least some proxies of N and C to the L, M, H amendements. 
We agree with the reviewer and we have now added this information in the Methods section 
(page 3, lines 26-29). “The N content of animal slurry as averaged for 10 recent years is 0.16, 
0.32 and 0.64 Mg N ha-1 yr-1 for Cattle (L), (M) and (H) respectively, while pig slurry 
applications (L), (M) and (H) contributed to 0.13, 0.27 and 0.54 Mg N ha-1 yr-1 being added to 
the soil. We also estimated C inputs from animal slurries, which are summarized in Table 1”. 
 
P4L12 suggest to precise how estimates dealt with grassland use (grazing/cut) 
On page 4, lines 18-21 we specify that: “Grass biomass was harvested 3 times every year 
(usually in May, July and September). Each experimental plot has a harvestable area of 18.75 m2 
within which all grass biomass is cut at a height of 5 cm with a plot harvester. Total fresh plant 
biomass is weighed in the field at each harvest and a sub-sample of 300 g fresh weight is then 
oven dried at 80°C to estimate dry matter production per hectare per year under each nutrient 
treatment”. 
 
P6L38 what is the yield of NPK??? Should be in between slurry and control??!! 
We have now added this information on page 7, lines 11-13: “Plant yields averaged 11.5 ± 0.35 
Mg dry mass ha-1 under NPK fertilization whereas yields were significantly lower in the control 
plots being 2.8 ± 0.01 Mg dry mass ha-1; Fig. 5a”. 
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P7L 22ff suggest to better clarifies the sentences otherwise the conclusion can become 
misleading. The application of high rates of cattle slurry (i.e. XX % of C inputs N 
fertilisation) significantly contributed to increase soil C sequestration up to 0.86 Mg C ha -1 
yr -1 (86 g C m -2 yr - 1), whereas the application of pig slurry and inorganic NPK fertilizer 
with lower or non C input did not have any significant C sequestration benefit when 
compared to unfertilized (control) soils. 
We agree with the reviewer and we have now edited this section, please see page 8, lines 5-13: 
“Our results show that rates of C accumulation in top-soils significantly increased under high 
rates of cattle slurry applications. Significant accumulation of C in soils also occurred under low 
application rates of cattle slurry when compared to control or to NPK nutrient treatments. 
Instead, pig slurry applications were not associated with significant changes in soil C 
sequestration rates when compared to unfertilized soils or to soils receiving inorganic (NPK) 
nutrient additions. Soil C changes in response to pig slurry applications were not as linear as 
those observed under cattle slurry applications (Fig. 2a, b). We suggest that both absolute and 
relative effects of cattle vs. pig slurry applications on soil C sequestration will depend on 
different factors (e.g. animal diets, rates of slurry applications, slurry biochemical composition 
etc.) and can thus have different explanations”.  
 
L26 ff idem to above “soils may can act as C sinks but when C losses from frequent grass 
mowing are compensated primary productivity (ie results of N fertilization) and organic C 
inputs (i.e. slurry) 
Not sure if we completely understand this point raised by the reviewer. We think the point to 
clarify here is that plant C removed after the three cuts is not directly related to net C changes in 
soils. Grass yields between cattle, pig and NPK treatments are comparable but cattle-fertilized 
plots tend to accumulate more C in soils in the long-term compared to NPK or pig slurries. 
 
P7L32 “Our results provide evidence that, under comparable biomass production, cattle 
slurry applications are more effective than pig slurry applications in terms of top soil C 
accumulation. This this positive effect could have multiple explanations. 
We have now modified this section, please see page 8, lines 5-13. 
 
P8L2 “We did not find any significant difference in total N% (2.9 _ 0.9 vs. 3.1 _ 0.7) or total 
C% (32.3 _ 2.8 vs. 34.8 _ 3.7)” suggest to move information also to M&M section 
We prefer to leave this sentence in this specific paragraph of the discussion because we make the 
point that although C and N content may not differ between cattle and pig slurry, there might be 
other biochemical differences between these slurries that ultimately are responsible for 
differences in C gains in soils. 
 
P2L31ff. “: : :As opposite in the control plots which do not receive any C and N addition, 
soil C accumulation may be partly explained by low C outputs via harvests and higher root 
mass production (possibly resulting from positive grass-legume interactions), which 
contributes to higher C inputs to soils when compared to the reduced root systems of 
fertilized slurry plots (see Fig. 5b). 
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Plant biomass and thus plant C is removed in the same way across all plots. The amount of plant 
detritus returned to the soil every year is very small (plant litter mass is very low in all plots 
either control or fertilized plots). Control plots receive low C inputs via plant litter as the 
fertilized plots, thus we don’t think that ‘low C outputs’ of control plots will lead to lower C 
inputs (through litter mass decomposition) than the fertilized plots. On page 9, lines 10-13 we 
state that: “In the control plots which do not receive any C addition, soil C accumulation may be 
partly explained by higher root mass (possibly resulting from positive grass-legume interactions), 
which contributes to higher C inputs to soils when compared to the reduced root systems of 
fertilized plots (see Fig. 5b)”.  
 
 
P9L20 “: : :to beef management simply because dairy cattle are associated with higher 
CH4 emissions from enteric fermentation and manure management.” Suppose that dairy 
cattle has also higher emissions due to the fact that for milking they stay more in the barn 
and less on the paddock as beef cows. IE barn emissions (manure, etc ) are higher for dairy 
cows 
This is a good point, in this case we used indications from IPCC guidelines but we agree with the 
reviewer that more detailed measurements should take into account differences in animal 
management within different farms.  
 


